Abstract: Retro-aldol reactions of β-hydroxy ketones take place under rhodium catalysis, leading to regioselective formation of the corresponding rhodium enolates. The enolates react with aldehydes in situ to afford the corresponding aldol adducts in high yields.
The reaction of aldehydes or ketones with metal enolates is one of the most important reactions in organic synthesis.
1 Methods for the preparation of metal enolates have therefore been extensively studied, which include deprotonation of carbonyl compounds, reduction of α-halo carbonyl compounds, 2 and 1,4-addition of α,β-unsaturated carbonyl compounds.
recovery of 1a). Phosphine ligands such as PPh 3 , PMe 3 , P( n Bu) 3 , Ph 2 PCH 2 CH 2 PPh 2 (DPPE), and P(OEt) 3 completely suppressed the reaction, whereas the reactions with P( t Bu) 3 and P( c C 6 H 11 ) 3 afforded 3a in 71% and 51% yields, respectively. An N-heterocyclic carbene ligand, 1,3-bis (2,4,6-trimethylphenyl) imidazol-2-ylidene (IMes), prohibited the reaction.
Addition of alkenes such as p-fluorostyrene, norbornadiene, and 1,4-diphenyl-1,3-butadiene resulted in the efficient formation of 3a in more than 90% yields. 
[Insert Scheme 1]
A variety of aldehydes reacted with the rhodium enolate, which was prepared from 1a via retro-aldol reaction ( served as a substrate, albeit with modest efficiency (entry 21).
[Insert Table 1] We next examined the scope of β-hydroxy ketones 9 as the precursors of rhodium enolates ( Figure 1 ). Treatment of benzaldehyde (2a) with 1b or 1c afforded 5b or 5c, respectively.
No scrambling of regioisomers 5b and 5c was observed. These transformations correspond to regioselective aldol reactions of 3-hexanone with benzaldehyde. Cyclohexyl ketone 1d underwent retro-aldol reaction to afford 5d in high yield. Benzyloxy and benzoyloxy groups did not retard the reaction to provide 5f and 5g, respectively, in good yields. No isomerization of the olefinic moiety of 1j was observed in the reaction providing 5j.
[Insert Figure 1]
The reaction of hydroxy diketone 1h afforded 5h through the selective formation of rhodium enolate 6 (Scheme 2). Selective formation of 6 from diketone 7 would be difficult since deprotonation at the α positions of the other carbonyl group is not trivial. β-Hydroxy benzyl ketone 5i was derived from the exclusive formation of rhodium enolate 8. Enolate 8
is not readily available from benzyl ethyl ketone (9) because of the acidic nature of the benzylic protons. These two reactions starting from 1h and 1i underscore the synthetic utility of the present methodology.
[Insert Scheme 2]
In summary, we have devised a new method for the preparation of rhodium enolates via retro-aldol reaction and applied it to regioselective aldol reactions. The present method is superior to the conventional deprotonation of carbonyl compounds from the viewpoints of regioselectivity and functional group compatibility. Recently, reductive generation of metal enolates has been attracting increasing attention because of its mild conditions and high regioselectivity. 
Supplementary data
Supplementary data including the procedure for the preparation of 1 and characterization data for new compounds can be found online alongside the electronic version of the manuscript. 
